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CHAPTER 1 

IN PRODUCTION TO LONG-CHAIN 

POLYUNSA 1 LRATED FATTY ACIDS 

Fatt> acids are important in many biological processes and perform numerous 

functions in both plants and animal tissues. Fatt\ acids can be either saturated or 

unsaturated. Saturated fatt\ acids consist of carbon chains that are saturated or 

complcteh filled with hydrogen atoms. Unsaturated fatty acids can be di\ided into two 

groups including monounsaturated fatty acids and polyunsaturated fatty acids. 

Monounsaturated fatt} acids consist of carbon chains that ha\e a single double bond. 

PoK unsaturated falt\ acids (PL^FA) are fatt> acids in which the carbon chain has two or 

more double bonds. The presence of double bonds creates carbon chains that are not 

completely saturated with hydrogen atoms; thus the molecules are termed unsaturated. 

Fatt> acids arc s\ nthesized in the cytoplasm of the cell. The li\ er is the principal 

site of fatty acid synthesis in humans. The usual product of fatty acid synthesis is a 16-

carbon saturated fati> acid, palmitate. Se\ eral additional reactions .ire required in order 

to elongate fatt> acid chains and to form double bonds. The reactions which produce 

double bonds occur mainly on the endoplasmic reticultmi t>f the cell. The insertion of 

the double bonds is catalyzed b> an oxidase. Mammals are not able to introduce double 

bonds be\ond the 9'' carbon from the carho\>l (A) end of the laity acid chain. Plants are 

able produce fall> acids which have double bonds past the A 9 carbon atom. Due to this 

inabilit\ to introduce double bonds past the A 9"̂  carbon, the human bod> is unable to 



s\ nthesize two pol\ unsaturated fatty acids that perform important physiological roles and 

serve as precursors of other biologically active polyunsaturated fatty acids. These two 

fitt> acids must be obtained from the diet; therefore, they are essential or dietarily 

indispensable for humans. 

Linoleic and linolenic acid, the two fatty acids that are essential for humans, are 

both long chain polyunsaturated fatty acids (LCPUFA) 18 carbon atoms in length. These 

txvo fatt) acids differ in the number and location of the double bonds in the carbon chain. 

I anoleic acid, an omega-6 fatty acid, contains two double bonds, and the last double bond 

is located six carbons from the omega, or methyl, end of the fatt) acid chain. Linolenic 

acid, an omega-3 fatty acid, contains three double bonds, and the last double bond is 

located at the third carbon from the omega end of the fatty acid chain. The human body 

has the capability to elongate these essential fatty acids and introduce additional double 

bonds at the carboxyl end of the molecule, but not at the methyl end. Therefore, linoleic 

acid can only be used to synthesize other LCPUFA in the omega-6 family, and linolenic 

acid can only be used to synthesize other fatty acids in the omega-3 family. These more 

complex LCPUFA can also be obtained from the diet in addition to being synthesized 

from their precursor molecules in the body. Two biologicalh important omega-3 fatt}' 

acids that are derived from linolenic acid (LnA) are docosahexaenoic acid (DHA) and 

eicosapentaenoic acid (EPA). Biologicalh important omega-6 fatty acids that are derived 

from linoleic acid (LA) include arachidonic acid (ARA) and docosapentaenoic acid 

(DPA). These different fatty acids are illustrated below. 



There are several good natural sources of the essential fatty acids. Food sources 

include \ egetable oils such as com, safflower, wheat germ, sesame, and sunflower oils. 

See Figure 1 for additional sources. Fish and margarine also provide a sufficient amount 

of EFA. In addition, there are supplements available at drug stores and through 

metabolic research companies. This includes omega-3 and omega-6 fatty acids 

supplementation in the forms of liquid, soft gel, powder, and pills. 



Figure 1 
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Food sources of omega-6 and omega-3 fatty acids differ. Linoleic acid is found in 

products containing vegetable oils such as margarine, salad dressings, prepared food, and 

in animal foods such as poultry fat. The best known source of omega-3 fatty acids is in 

fish. Certain fish are actually richer in omega-3 fatty acids than others. This would 

include cold-water fish like salmon, tuna, sardines, mackerel and herring. Others are 

bluefish, halibut and lake trout. Further food sources include canola oil, flaxseed oil, 

black currant seed, walnuts, and pumpkinseeds. Meats containing linolenic acids are 

primarily venison and buffalo. There are also enriched eggs and some specialty breads 

providing good sources of omega-3 fatty acids. In addition to the food sources 

mentioned above, there are other numerous supplements available to augment the 

consumption of these fatty acids. 

The essential fatty acids and their derivatives play important roles in human 

development, and are required for optimal health. Some studies suggest that certain 

LCPUFA aid in the prevention of chronic diseases. LCPUFA are an integral part of the 



cell membranes, and thus are essential for the formation of new tissue. These PUFA also 

aid in the formation of hormone-like substances such as prostaglandins, which control 

ph\siological processes. The\ also make \ital contributions to the immune. 

cardio\ ascular, and ner\ ous s\ stems. In fact several studies suggest that PUFA promote 

a health) balance of HDL (high-densit> lipoproteins) and LDL (low-density lipoproteins) 

and help to lower triglyceride levels. They also have been associated with reducing risk 

factors for heart attack and stroke. LCPUFA are reported to help maintain health) blood 

\essels. which reduces the risk of blood clots. Additionally LCPUFA are associated with 

maintenance of healthy blood pressure and reducing the risk of coronary artery disease. 

Researchers continue to investigate the role of LCPUFA, and preliminary studies ha\e 

reported results suggesting that LCPUFA. specificall) omega-3 fatt) acids, may diminish 

the effects of numerous health-related conditions including Alzheimer's disease, asthma, 

attention deficit h) peractix ity disorder, depression, diabetes, rheumatoid arthritis, and 

certain t) pes of cancer. 

LCPUFA are an important factor in overall health. This thesis addresses the 

effects of LCPUFA. mainly DHA and ARA, in the health of pregnant and breastfeeding 

mothers. In addition, a portion of the focus will be on the effects of DHA and ARA on 

the immunological and de\ elopmental functions in infants. Through careful examination 

of the numerous studies that ha\e been performed, the role of LCPL^FA in pregnant 

women, human breast milk, pre-term and term infants w ill be determined, allow ing 

h)potheses to be drawn as to whether these fatty acids are beneficial, and if so, in which 

cases. Finalh through an examination of this research, with supporting information. 
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conclusions will be drawn as to whether LCPUFA (omega-3 and omega-6) should be 

added to infant formulas. 



C ILAPTER II 

ROLE OF (JMEGA-3 AND OMEGA-6 FATTY 

ACIDS IN PREGNANT AND POSTPARTUM 

MOTHERS 

As pre\ iously mentioned LCPUFA are important for many health related 

functions in the human body. In recent studies there has been an emphasis on 

determining the role and beneficial functions of LCPUFA in pregnant and lactating 

women. In order to obtain the most advantageous effects of the LCPUFA, daily 

consumption is needed. Currently the British Nutrition Foundation recommends 1.2 

grams per day for EPA and DHA, and 2.5 grams per day of Alpha-Linolenic acid for 

optimal health. However the International Society for the Study of Fatty Acids and 

Lipids (ISSFAL) suggests that for adults consuming a 2000 calorie diet the daily 

minimum intake of DHA should be 220 mg/day and 220 mg/day for EPA. For pregnant 

and lactating women, ISSFAL also specifies that the daily consumption should be 300 

mg/day based on a 2000 calorie diet. Research is ongoing to determine the optimal 

intake of the omega-3 and omega-6 fatty acids. Presently studies vary slightly in 

recommended values. Figure 2 contains additional intake levels that have been 

suggested. 



Fiuure 2 

RK(OMMFNI)ATIONS FOR DAILY INTAKES OF DHA AND EPA 

British Nutrition Foxindation 1145mg (women) 1430mg DHA+EPA 

215mg DHA+EPA ^ ^ ^ ^ 

I 900mg DHA+EPA for those who have 
had a heart attack 

650mg DHA+EPA (220mg DHA mm) 
International Society for the St¥c^^^ 
of Fatty- Acids and Other Lipicls ? ^ 300mg DHA for pregnant and 

lactating women 

\Yorld Health Organization 

|20mg per kg body weight for term 
! infants 

40mg per kg body weight for pre-teri 
; infants 

* 1000-1500mg omega-3s 

Pavis Health TechnoloeN' 

Omega-3 fatty acids aid in protecting pregnant and lactating mothers against a 

number of health concerns. Good health during pregnancy helps promote proper growth 

and nutrition of the fetus, and according)) the mother's health and nutritional status 

affects the growth of the breastfed infants. Omega-3 fatt)' acids help to moderate blood 

pressure and maintain a health) cardiovascular system. In fact the American Heart 

Association has recommended an increased consumption of these important fatt) acids. 
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!'le\ ated blood pressure can lead to preterm labor and preterm infants. If the 

infant is significanth pre-term, there is an increased risk for underdeveloped limgs and 

eyes. If gestation length is normal but the mother suffered from high blood pressure, 

blood flow to the placenta is decreased, forming placental calcifications w hich diminishes 

blood flow through the placental \ essels and causes low birth weight along with fetal 

distress. Fetal distress is defined as a lack of oxygenation of the fetal blood supply. 

There is also a decrease in nutrients provided to the fetus due to the diminished blood 

flow resulting from the h) pertension. H)pertension is a result of muscles in the arteries 

and arterioles contracting, reducing the diameter of the \'essel. which increases the 

pressure. Pregnancy induced hypertension (PIH) is dangerous not only to the fetus, but 

the mother as w ell. Wide spread vasospasms occur resulting in increased resistance in 

\ ascular flow. thus increasing the arteriole blood pressure, causing endothelial damage. 

PIH can cause pulmonary edema, cerebral edema, thromboc) topenia. stroke, blindness, 

hepatic rupture, placental abruption, and can e\'en weaken the heart. It can also cause 

HELLP s)ndrome in which the patient begins to lose platelets and develops elevated Ii\ er 

enzymes, indicating liver damage. Currently the cause of hypertension in pregnancy is 

unknown. During pregnane) the woman's blood \ olume increases b) 30%. When the 

mother does not have health) arteries and arterioles, the blood \ essels are not able to 

adequatel) handle the increased blood flow. Therefore, it is e\ ident that good 

cardiovascular health and normal blood pressure is important to the health and safety of 

both the fetus and the mother. î Nettina. 2001) 



Furthermore, t)ther studies have shown that DHA supplementation during 

pregnancy improved immune, endocrine, and cardiac cell functions in neonates. 

(McGregor, Allen, Harris, Reese, Wheeler, French. Morrison, 2001) Some studies 

suggest that women who have low levels of LCPUl A are more likely to suffer from 

postpartum depression (McGregor et al, 2001). Additional research is currently being 

conducted to examine the role of LCPUFA in preventing depression in postpartum 

mothers. 

A constant supply of omega-3 fatty acids and omega-6 fatty acids, specifically 

DHA and ARA respectively, is crucial for proper fetal development. More detail will be 

given in later chapters; however, a brief description of the importance of these LCPUFA 

is gi\ en in this chapter. These fatty acids play a vital role in cell membrane development 

and maintenance. The number of cells double every few hours in a developing fetus, 

allowing for exponential cell growth. Therefore, a sufficient amount of fatty acids must 

be available in order to produce all the new embryonic cells needed. During the third 

trimester. DHA and ARA play an important role in brain and eye development in the 

fetus. The best source of DHA and ARA for a newborn is human breast milk. 

Levels of DHA and ARA in breast milk differ among the various parts of the 

world. This is primarily due to differences in the dietary habits and EFA levels in the 

foods consumed. Le\ els of LCPUFA are diet dependent and fluctuate from person to 

person depending on the diet. Most Western populations have lower estimated mean 

levels of DHA, aroimd 0.1% to 0.4% of the total fattv acids content of breast milk. 
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Figure 3 
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Le\els have been reported to be as much as ten times higher in populations with high 

fish consumption (Lauritzen, Jorgensen. Hansen, Michaelsen, 2002). Researchers ha\e 

found less fluctuation in the levels of ARA across populations. Worldwide values for 

ARA ranged from 0.3% to 0.9% of total fatt) acids found in breast milk. 

Several studies, in particular the study of Wang et al. were able to determine fatty 

acid concentrations in breast milk from women of different nationalities. For example, 

the) found that DHA in breast milk of Japanese women was two-fold higher than that of 

Chinese women, and seven-fold greater than that of Canadian women (Wang. Shimizu, 

Kaneko, Hanaka. Abe, Shimasaki, Hisaki, Nacajima, 2000). In addition, milk levels of 

ARA in Japanese women were similar to that of Chinese, but three times as high as that 

of Canadian women. The reason for these differences was unclear; howe\ er. the authors 

did hypothesize that it was due to the xarying lifestyles and dietar)' habits in the different 

geographic regions. Japan is a countr) that regular!)' consumes high amounts of deep-sea 
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fish, w hich are rich in DHA and EPA. On the other hand, populations in China usually 

consume large amounts of oils that contain high levels of ARA (Wang et al, 2000). 

Therelore. these results would seem to indicate that long term consumpfion of deep-sea 

fish help to increase levels of DHA in breast milk. In contrast, Francois et al concluded 

that e\en short term consumption, 1-3 days, of certain fatty acids through one meal a da) 

would significant!)' affect the composition of the breast milk (Francois, Connor, 

Bolcw icz, Connor, 2003). 1 .auritzen et al reported that once a meal high in DHA was 

consumed, peak levels of DHA were found in the breast milk 10 ± 2 hrs later. Based on 

these tA\o particular studies, it appears that both long-term consumption of deep-sea fish, 

as well as short-term nutritional supplementation may increase the amounts of EPA and 

DHA in breast milk (Wang et al, 2000). It is estimated that 30% of omega-6 fatty acids 

in human milk originate from dietary transfer and 70% originate from maternal tissue 

stores (Sauerwald. Demmelmair. Koletzko, 2001). 

One key concern of researchers is the fact that DHA and ARA compete in many 

metabolic processes within the body. Some studies showed that high levels of DHA 

inhibited the synthesis and mammary secretion of ARA. Therefore, it is recommended 

that a diet containing high amounts of DHA should be supplemented with ARA to 

prevent these negative effects (Lauritzen et al, 2002). On the other hand, the Lauritzen 

et al study reported conflicting results. The authors expected there to be a reduction in 

the ARA content in breast milk, due to the high content of DHA in the fish used in their 

experiment. However, the levels of ARA in the breast milk were significantly increased 

at the peak of the DHA response after test meals with fish oils. These conflicting results 
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indicate that more research to determine the effects of DHA on ARA synthesis is 

warranted. 

Regardless of the source of LCPUFA or the exact amoimt consumed by nursing 

mothers, there are benefits to the mother and to the infant receiving her breast milk. 

DHA and ARA seem to contribute to the infant's innate immunity. More recently, 

researchers have attempted to find a connection between DFIA intake and human 

cytokines, interleukins (IL), and the tumor necrosis factor (TNF-a). Interest in this area 

is based on considerable evidence that breast feeding provides infants with added 

protection against infection, gastrointestinal illnesses, respiratory tract infections, ear 

infections (otitis media), urinary tract infections and necrotizing entercolitis (Hawkes. 

Bryan. Makrides. Neumann, Gibson. 2002). Human breast milk seems to contain 

components with immunomodulating effects (Hawkes et al, 2002). The dominant cells 

types, close to 90%, found in breast milk are neutrophils and macrophages. The 

remaining 10% of the immune cells consist of B-cells and T-cells. Hawkes et al stated 

that cytokines, growth factors, and leukocytes could possibly provide immunological help 

to infants which lack mature immune systems during the neonatal period. They 

performed extensive testing using methods such as double-antibody sandwich ELISA to 

determine IL-6, IL-1(3, and TNF-a. Immunophenotyping using flurochrome-labeled 

monoclonal antibodies against CD45 and CD 14 was also used. CD45 is a cell-surface 

glycoprotein common to leukocytes while CD 14 is common to monocytes and 

macrophages. Researchers were able to determine the number of monocytes, 

lymphoc)'tes and granulocytes present based on the CD45/CD15 tagged fluorescence. 



.After determining the number of cell t)pes. they compared le\els for each of the study 

groups. The groups were placebo, low DHA supplementation, and high DHA 

supplementation. Of the three groups, there were no significant differences in the levels 

of monocytes and macrophages, granulocytes, and lymphocytes found in the human milk. 

C)tokines IL-6 and TNF-a were detected in more than half the samples collected, but 

there was a wide range of concentrations within each group. Additionalh. there was no 

significant difference between groups in the mean cellular production of c\ tokines. 

Researchers w ere also unable to find an) correlations between milk DHA. EPA, or total 

omega-3 fatt) acids and cytokine concentrations in the milk. This study did not find an) 

reduction in c)tokine le\el in milk resulting from LCPUFA supplementation. However, 

sexeral other studies have reported inhibition of c) tokine release, specifically 

proinflammatory c)'tokines IL-lp, IL-6, and TNF-a as a result of increased LCPUFA 

intake. The contradictor)' results reported by Hawkes et al could be attributed to a 

difference in the dose of the various LCPUFAs. Their study utilized tuna oil which is 

low in EPA. whereas the supplements used in other studies contained higher doses of 

DHA along with a significant dose of EPA (Hawkes et al, 2002). This suggests that EPA 

ma) be a major factor contributing to suppression of the c)tokines. In another study a 

supplement containing a high amount of DHA and no EPA also resulted in suppression, 

indicating that high amounts of DHA ma) also adxersely influence the production of 

c)4okines. It is unclear what this dose is. but Hawkes et al reported that consumption of 

i:600 mg DHA/d and 140 mg EPA/d for 4 w eeks does not cause c)tokine inhibition. 

More research w ill be needed to determine the optimal amount of LCPUFA 
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supplementation. Available research suggests that if women consume the recommended 

levels of DHA and LCPUFA, risk to infants for developing health problems due to a 

decrease in immunomodulating cells should not be increased. 

Another benefit related to adequate intake of omega-3 and omega-6 fatty acids by 

pregnant mothers is more mature sleep-state patterns in newborns. A sufficient supply of 

LCPUFA is needed lor functional maturation of the brain and eyes during embryonic and 

neonatal development. During pregnancy the blood carries LCPUFA to the fetus 

through the placenta. Once the fatty acids cross the placenta, they are compartmentalized 

into lipid fractions that do not cross back over the placental barrier (Cheruku, 

Montgomery-Downs, Farkas, Thoman, Lammi-Keefe, 2002). These fatty acids are 

readily available to be used by the fetus. Throughout the third trimester, omega-3 and 

omega-6 fatty acids accrue in the fetal tissue and are used to support the rapid growth of 

brain tissue. This period of rapid brain growth is characterized by a significant increase 

in cell numbers, size, and development, which creates a vital need for the LCPUFA. In 

brain cells, DHA accounts for 60% of the fatty acid content of the membranes. 

Furthermore, DHA is located in the synaptic regions between cells, where one cell sends 

chemical information to another. This cell-to-cell communication is the fundamental 

mechanism of brain function. DHA is also found in high concentrations in the myelin 

sheath which surrounds the brain cells, where it can be used as a source of energy. 

Scientists have known that LCPUFA are important in brain and eye development, but 

have been unable to conduct tests on neonates. Brain maturity can be assessed by sleep 

and wake states. Infants" sleep patterns are an indication of central integrative control 
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(Cheruku et al, 2002). Mechanisms in\\>l\ ing both neural and humoral processes interact 

to produce sleep and wakefulness. Cheruku and others were able to use sleep recordings 

to determine sleep states of neonates at I and 2 da) s postpartum. So far they ha\e been 

the onl) research team to report results on the relationship between sleep patterns and 

le\els of DHA intake in infants. Sleep patterns were divided into four categories: quiet 

sleep (QS), acti\ e sleep (AS), sleep-wake transifion, and wakefulness. Mothers were also 

separated into groups of low DHA and high DHA supplementation. Their results, based 

on sleep state \ s. DHA content in milk, show that infants of mothers with high DHA 

concentration in their breast milk had significanfly less active sleep and had lower acfive 

sleep to quiet sleep ratios than those whose mothers received lower doses of DHA 

(Cheruku et al. 2002). hi addifion the) found that infants in the high DHA group had 

more wakefulness than the infants in the low DHA group. This suggests a greater degree 

of central nervous system maturation in the high DHA group. It has been well researched 

and documented that the increase of QS with age is a function of maturation of the CNS. 

and is not the result of en\ ironmental factors. Further research is warranted in order to 

\alidate the results of Cheruku et al. At present, based on the results of numerous studies 

it is clear that inadequate intake of LCPUFA during de\ elopment may be a causati\ e 

factor in certain neurological, beha\ ioral and other disorders (Cheruku et al. 2002). 

Therefore, while e\ idence elucidating the exact role of DHA and ARA in the 

development of sleep patterns and the CNS does not yet exist, preliminary results indicate 

that LCPUFA are necessary for ftmctional de\'eIopment of the infant and for optimal 

health of the mother. 

16 
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CHAPTER ni 

ROLE OF ARA AND DHA IN INFANCY 

The importance of long chain polyunsaturated fatty acids in infants and newborns 

has been of special interest to scientist over the past decade. There have been many 

conflicting studies during the past several years concerning the role of LCPUFA in 

infants. Effects of LCPUFA have been studied in relafion to various developmental 

concerns such as weight gain in preterm and full term infants, visual, neural, and mental 

development in neonates and infants. 

Effects of LCPUFA on weight gain during preterm and full term infant 

development has been studied to some degree, however, not in great detail. Researchers 

have found it difficult to accurately assess direct effects of PUFA on weight gain as well 

as its biological significance. Overall, there have been relatively few studies with large 

enough sample numbers for their results to be considered statistically significant. Studies 

often began with a non-weight related primary focus and then the results were used later 

to conduct a weight gain study. Therefore, the studies that were not originally designed 

to collect weight gain information have yielded less than optimal measurements for use in 

evaluating weight gain. 

Many studies have been conducted on preterm infants that compared weight gain 

and fat content between breast-fed and formula-fed preterm infants. Measurement 

techniques vary; however, some of the most frequent measurements taken were: 

anthropometric measurements, body weight, lengths, head circumference, skinfold 
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thickness, total body water (TBW). fat-free mass (FFM). and body fat (body weight -

FF"M). One study determined that there was a significant difference between breast-fed 

and formula-fed infants in their TBW, FFM, and body fat at four months of age (Butte, 

Wong, Fiorotto, Smith, Garza, 1995). This study also reported that the rates at which 

breast feeding infants gained weight was lower than that of the formula-fed infants. 

Breast-fed infants consume less energy than formula-fed infants. The greater caloric 

intake of the formula-fed infants may have resulted in the greater fat accretion that was 

reported fore these infants. Butte et al examined differences in energy utilization 

between the U\o groups to determine if that was the cause of the difference in energy 

intake. Upon analysis Butte et al found that the higher energy intakes m formula-fed 

infants were associated with higher rates of weight gain, energy deposition, and 

expenditure. In their study, as well as in others, anthropometric measurements did not 

differ significantly between the two feeding groups. Addifionally, 4 month old breast-fed 

infants had lower TBW and FFM than the formula fed infants, indicatmg that the body fat 

content of the breast-fed infants was higher. As was the case for many other researchers. 

Butte et al suggested that further research was needed. The lower rate of energy 

utilization and reduced fat accretion in breast-fed infants reported in this and other studies 

suggest that breastfeeding is optimal. 

Another study by Troche et al studied breast and formula-fed critically ill 

premature infants. Exclusively prolonged parenteral nutrition of very-low-birth-weight 

infants is associated with serious complication including cholestatic jaundice and 

metabolic bone disease. Troche et al hypothesized that early minimal enteral feeding 
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would maintain the infant's gut function and promote growth and maturation. During 

their experiment the) ga\e the infants either fresh breast milk and formula or formula 

alone. The) concluded that early hypocaloric enteral feeding was well tolerated and may 

ha\ e improxed gul maturity and ftmcfion, leading to improved absorpfion of enteral 

nutrients and thereby greater weight gain (I roche, Harvey-Wilkes, Engle, Nielsen, 

Frantz, Mitchell, Hermos, 199S). 

•After determining that breast-fed preterm infants as well as critically ill preterm 

infants were able to increase weight percentiles, researchers next tried to determine the 

physiological role of fatty acids in weight gain. Researchers attempted to determine 

w hether the correlation betw een fatty acids and increased growth is a cause and effect 

relationship. Overall, differences in rates of growth among groups of shnilar infants have 

been related to differences in nutrient intake, nutrient absorption, and/or nutrient 

utilization or deposition (Lapillonne, Carison, 2001). Some studies have shown a direct 

correlation between growth and plasma content of ARA and other omega-6 fatt)' acids. 

On the other hand, other studies have showoi a negative relationship between DHA le\ els 

and growth. Therefore, there has been a great deal of controxersy as to whether the 

decrease in omega-6 fatty acids or the increase of omega-3 fatty acids would reduce 

weight gain in infants fed formula supplemented with DHA. Nevertheless, it has been 

documented that on absence of n-6 fatt) acids, decreases growth rate, thus confirming the 

importance of omega-6 fatty acids in supporting normal growth. 

Currently, scientists believe that PUFA induce the thermogenic pathways of 

peroxisomal fatt) acid oxidation and uncoupled mitochondrial oxidation (Lapillonne, 
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Carison, 2001). These biochemical reactions help enhance heat producfion which 

eventuall) leads to reduced fat deposition. It has been found that those fed high levels of 

n-3 fatty acids are actually less efficient at fat deposition. Also researchers have 

discoN ered that a receptor found primarily in the liver called PPAR, peroxisome 

proliferator-actix ated receptor, could pla) a part in up-regulating genes encoding the 

proteins that are in\ olved in lipid oxidation and thermogenesis (Lapillonne, Carlson 

2001). PPAR can be acti\ ated h\ n-3 fatty acids. Therefore, it is speculated that the up-

regulation of transcription genes from the PPAR, which is activated b)' n-3 fatty acids, 

could explain the lower rates of weight gain in infants who are fed omega-3 

supplemented formulas. This could also explain the lower weight gain observed in 

breastfed infants compared to infants who receive unsupplemented formulas. In addition, 

PL:FA appear to contribute to the functions inxoh ed in controlling adipogenesis. In fact, 

omega-6 fatty acids are more in\olved in this process than omega-3 fatt) acids. 

Lapillonne and Carlson ha\ e hypothesized that a decrease in ARA may reduce adipocyte 

differentiation. On the other hand, an increase in ARA may promote adipocyte 

differentiation, and therefore fat accumulation and deposition. This information suggests 

that a threshold \alue of omega-3 fatt) acids should be determined in order to obtain 

optimum results. Originally it w as assumed that more is better for the infant; how e\ er. 

based on this information h is clear there is a range of le\els of LCPUFA that would 

support optimal weight gain and more research is needed to determine those le\els. 

Of special interests to researchers during the past few years has been the role of 

DHA in \isual de\ elopment and neural membranes of the retina, specifically 
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photoreceptors. During the last trimester of prenatal development a rapid maturation of 

the photoreceptors and an increase in the number of synapses in the brain takes place 

(Birch , Hoffman. Uauy. Birch. Prestidge, 1998). DHA and ARA are provided during the 

last trimester h\ maternal to fetal transfer. Several studies haAC shown correlations 

between plasma le\els of DFIA in infants and the increase of visual acuity and 

stereoacuity. In infants there is an imtial rapid de\ elopment of \ isual evoked potenfial 

( \ F : P ) acuity during the first 15-20 weeks of life, followed by a plateau between 25-35 

weeks, and then a slower period of visual development from 80-100 weeks of age when it 

then reaches adult le\els. Preterm infants have been studied extensixely in this area, and 

more recenfl) full-term infants have been examined for the benefits of DHA in visual 

dexelopment. 

DHA has been shown to play many important roles in retinal development and 

maintenance. Ver) high concentrations of DHA have been found in the retina, 

suggesting that the retina possesses an efficient mechanism for conservation and 

recycling of DHA. This conservation, even under prolonged periods of low omega-3 

fatty acid intake, would indicate DHA's importance in the retina. 

The retina contains n\o t> pes of photoreceptors cells, the rods which are 

responsible for light capture, and cones that pro\ ide for color vision. Within cells, the 

photoreceptor contains 2 compartments, the inner and outer segments (Jeffre), 

Weiseinger. Neuringer. Mitchell. 2001). The rod outer segments (ROS) contain thousand 

of free-floating disks that are rich in DHA and the photopigment rhodopsin. In fact DHA 

comprises 30% of the total fatty acids present in the ROS. Rhodopsin is a photopigment 
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formed in the disk of the R( )S when opsin binds to a chromophore. There is an 

interphotoreceptor matrix which contains interphotoreceptor retinal finding proteins 

(IRBP) (Jeffre) et al, 2001). IRBP are soluble proteins that, bind fatty acids and 

retinoids. IRBP has a higher binding affinity for DFIA than for any other fatty acid. The 

interactions between DHA and IRBP aid in the regeneration of rhodopsin. In addifion, 

DHA is integrated into the lipid bilayer in the cell membrane of the retina (Jeffrey et al, 

2001). Jeffrey et al ha\ e suggested additional roles in photoreceptor function including 

regulation of retinoid transport, regulation of the Ca'̂ ^ photocurrent through ion channels, 

and pro\ iding membrane properties that allow the phototransduction proteins to diffuse 

rapidl) through the lipid bilayer of the disk membranes. 

More recent research has attempted to examine not only general functions of 

DH.\ in the retina, but also how DHA increases visual acuity and stereoacuity. So far 

these studies have reported that DHA is able to rescue photoreceptors from programmed 

cell death, called apoptosis (Politi, Rotstein, Carri, 2001). Within the retina, glial cells 

produce and release a substance called glial-derived neurotrophic factor (GDNF), which 

has been found to function in survival of the photoreceptors as well. The combination of 

DHA and GDNF is believed to help protect photoreceptors from programmed cell death. 

(Politi et al, 2001) Generally photoreceptors start apoptotic pathways around da) 14 of 

cell life. Politi ct ul found that DHA in retinal lipids mcreased steadily during 

de\ elopment in vivo, but not in vitro. When DHA was added to the culture medium, 

Politi and the researchers observed in increase DHA levels similar to that of the in vivo 
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sample. This increase in DHA also leads specifically to an increase in survival, of 

photoreceptors. 

Additional studies were conducted with other fatty acids to see if they would have 

a similar effect on photoreceptor survival as DHA; however, DHA was the only 

LCPUFA that was found to have an anti-apoptotic effect. In addifion, Politi et al found 

that photoreceptor differentiation and development were enhanced bv the addition of 

DHA. To explain DHA's anti-apoptofic effects, the response of mitochondria to DHA. 

which have been proposed to have a central role in triggering cell death, was examined. 

Mitochondrial activity that is impaired or damaged has been closely related to the 

onset of apoptosis. DHA supplementation seemed to reduce mitochondrial damage, thus 

dela\ ing apoptosis by the photoreceptors. Therefore, it has been speculated that DHA's 

role in inhibiting apoptosis may be linked to improving and maintaining mitochondrial 

activity. See Figure 4. 
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Figure 4. 

A: Photoreceptor apoptosis. B: Opsin expression. C; Mitochondrial acti\ it) 
Note: White bar is control group. Black bar is DHA supplemented group. 

(Polifietal. 2(H)1) 

Furtlier c\ idence has been presented in case studies examining pafients w ith 

retinitis pigmentosa. Decrease le\els of DH.A in the plasma and in retina and 

photoreceptors ha\'e been obser\'ed. The decrease in DHA might account for the failure 

of photoreceptors to develop their outer segments, resulting ultimatel) in death of the 

photoreceptors (Polifi et al, 2001). 

Based on anal) sis of the information provided abo\e and from other studies. 

Politi ci al have speculated that glial cells, which release GDNF and DHA dming 

development, pla) a central role in the regulation of photoreceptor survi\al. Therefore, it 
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can be assumed that DHA has iin integral role in \ isual de\ elopment in the fetus and in 

infants. After initial development, DHA, along with GDNF, maintains proper 

mitochondrial functioning which leads to protectixe anfi-apoptotic e\ ents in the 

photoreceptors. 

There ha\ e been man) randomized clinical trials performed to assess \ isual 

de\ elopment and funcfioning in relation to DHA and ARA levels in both preterm and 

full-term infants. Formula-fed preterm infant have been shown to have poorer \ isual 

function than either preterm infants fed breast milk or formulas supplemented with DHA 

alone, or DH.A and .AR.A. Pre-term infants ha\ e poor DHA and AR.\ status due in part to 

the absence of an adequate placental supply of DHA and ARA from the mother during 

the last trimester and a deficienc) of these fatt) acids in the postnatal diet. In contrast, 

full-term infants who did recei\'e an adequate placental supply and who w ere fed 

unsupplemented formula also showed lower visual development due to lack of a 

continued supph of DHA and ARA from the diet (Birch, Hoffman, Castaneda, Fawcett. 

Birch, Uau\. 2002). Birch et al performed a stud) that e\aluated 3 formula diets and 

breast milk in term infants during the first 17 weeks of life. The diets were Enfamil" 

with iron. Enfamil" with iron supplemented with 0.35%) DH.A. Enfamil* with iron 

supplemented w ith 0.36% DHA and 0.72% ARA, and human breast milk. Their results 

showed that at 17 weeks, and again at 52 weeks of age. tlie plasma levels of DHA in 

infants fed the control formula w ere significanth lower than the Uvo supplemented 

groups, or the breast milk group. .After testing and analyzing \isual acuin, the control 
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group was found to score lcn\er than the DHA alone, DHA and ARA, and breast-fed 

groups. 

X'isual Acuit) in Infants Fed Supplemented Formulas 

Figure 5. 

Control formula (CF) - w hite bars. DHA supplemented (DHA) - stipled bars. DHA and 
.ARA supplemented formula (DHA + .AR,A) - black bars. Human milk (HM) -

horizontal lines. (Birch et al. 1998) 

The A'EP acuity of supplement-fed infants was disco\ ered to be similar to that of breast

fed infants. Additionally, there w ere no significant differences found betw een the DHA 

on!) and the DRA and .ARA diet groups (Birch et al, 1998). This would suggest that the 

DHA. not AR.A is the fatt) acid w hich contributes to de\ elopment and maturation of 

\isual acuit)-. 

As pre\iousl) mentioned, effects of DHA on YEP acuit) were still e\ident at 52 

weeks of age. e\en though DHA was onl) supplemented through 17 weeks. This would 

indicate that when DHA is available during a ceilain critical penod earh in development 

this leads to confinuing maintenance of underlying neural structure and funcfion (Birch et 

al. 1998). The response during this critical period of de\ elopment also seems to be 
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dependent on the dose of DHA provided in the diet. Birch et al noted that, in general, 

studies of term infants with dietary DHA levels greater than or equal to 0.30% of the total 

fatty acid content have shown significant differences from control groups or those with 

lower levels of supplementation. On the other hand, sttidies containing DHA levels at 

less than or equal to 0.20% have reported no differences between the diet groups. Again 

this evidence demonstrates there is an optimal level needed in order to produce 

differences between control formulas, supplemented formulas, and human breast milk. 

Jeffery et al also noted that a number of other sttidies have shown evidence that there is a 

critical period for retinal development. If adequate levels of DHA are not present during 

this critical period, it could resuh m permanent retinal dysfunction that cannot be 

normalized even when retinal DHA levels are returned to normal. 

Stereoacuity has also been examined in infants receiving different diets containmg 

DHA or no DHA. Williams et al found that overall, breast feeding, greater maternal age. 

and consumption of oily fish by the mother were associated with increased likelihood of 

the child having foveal stereoacuity. The fact that the mother's consumption of oily fish 

rich in DHA during pregnancy is related to visual acuity in her child is another indicator 

that DHA plays a role is visual development. This would imply that increased maternal 

DHA concentration in pregnancy permits increased placental transfer of DHA, allowing 

for proper development in the fetus. Williams et al were the first to document the 

relationship between maternal diet and stereoacuity in children at age 3. Their results 

also support the theory that there is a critical period for DFIA in retinal development that 

has lasting effects on the child. 
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/Along with the role of LCPUl A in weight gain and visual development, experts 

in the field haxe also performed experiments to determine the exact ftmction of these 

fatty acids in central nervous system (CNS) and brain development. DHA levels are not 

onl) concentrated in the retinas, but are also found in high levels throughout the central 

ner\ ous system and brain. Synaptic connectivity between birth and age three is 

strengthened with adequate le\cls of LCPUFA in the diet. Addifionally. DHA along with 

other EFA affects the structural composition of myelin sheaths. Some researchers have 

e\ en found LCPUFA are in\ olved in the regulafion of gene expression; thus participating 

in cell growth processes and differenfiation (Uauy, Hoffman, Peirano, Birch. Birch, 

2001). The fatty acid binds to ligands that interact w ith specific DNA motifs present in 

the promoter region of a gene. 

WTien diets low in DHA content and its precursors are consumed, it has been 

shown that the nervous s) stem conserves its supply of DHA, which indicates the 

importance of these FA to the central nervous system. The DHA is not easily released 

from the phospholipid membranes of neural cells. The only known exception is in 

astroglia cells, w hich are similar to neural nurse cells (Salem, Wegher. Mena. Uau), 

2001). The) readily release DHA, aiding in the anti-apoptotic events. This anti-

apoptofic of DFIA may explain wh) the brain conser\es DHA. because it helps to ensure 

stirvi\'al of the brain. (Salem et al, 2001). Once supplies in the brain are depleted, the 

reco\ er) of DHA le\els in the brain lags in comparison to other tissues. A lack of 

sufficient amoimts of the LCPUFA can impair brain growth and development by 

decreasing the number of cell replication c)cles. This reduces the total amount of DNA 

28 



in the brain, restrictmg dendritic arborization, and thus reducing the amount of neuronal 

connectiN ity (Uauy et al, 2001). Deficiencies in LCPUFA around the time of birth 

primaril) affect the de\ elopment of the cerebellum (Uau) et al, 2001). 

At present there are several tests that are utilized to measure the effects of 

LCPUFA on brain and neural development. Sleep-wake cycles sttidies, as menfioned m 

Chapter II. functioning of the autonomic nervous system, visual acuity tests, psychomotor 

development tests, language development assessments, problem-soh ing tests, and many 

others are methods of measuring the role of LCPUFA in supporting proper development. 

Sleep-wake patterns are good indications of the brain acti\ ity and CNS funcfional 

integrit) as the) begin to reflect adult sleeping traits. Functioning of the autonomic 

ner\ ous s) stem includes spontaneous heart rate \ariabilit> (HRV) which has been 

associated with sympathetic and parasympathetic interacfions (Uau) et al, 2001). Some 

studies have shown posifive relationships beUveen development and LCPUFA levels in 

infants and children. On the other, hand some studies have revealed a negafi\ e 

relationship. 

Tests ) ielding positi\e correlations uUlized a number of the methods mentioned 

abo\e. In one study, infants fed formula supplemented with low le\els of EPA scored 10 

points higher on the Bayley Mental Development Index (Uauy et al, 2001). In addition, 

this same group of infants also had shorter look time in the no\ elt) preference test, which 

indicates greater vistial processing. Another study using the Brunet-Lezine method 

obser\ ed higher le\els of ps) chomotor de\ elopment at 4 and 12 months of age in infants 

fed supplemented formula (Uauy et al. 2001). In the Birch et al study menfioned earlier 
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in this chapter, the infants were analyzed for their developmental progress by usmg the 

Ba)Ie) MDl II at 18 months of age. Infants fed supplemented formula scored 

significanfly higher than the control group. In another sttidy infant cognition was 

measured using problem-solving tests (Uauy et al, 2001). Infants who received 

supplemented formulas scored higher and had more intentional solutions at 10 months of 

age. It has been show n that higher problem solving skills during mfancy are good 

indicators of childhood intelligence quotients (Uauy et al, 2001). However, it should be 

noted that this particular study had a small sample size and therefore might not accurately 

represent the general populafion. Scores on Bayley scales at 2 years of age, and 

McCarth) scales at 3 years of age, have both been consistenfly higher in breast-fed 

infants (Uauy et al, 2001). In one longittidinal study, researchers found that mfants who 

were breastfed early in their lives had better picture intelligence at 8 of age and higher 

scores in mathematics, nonverbal ability, and sentence complefion at 15 years of age 

(Uauy etal, 2001). 

Some of the studies have reported no significant difference in the MacArthur 

N'ocabulary tests between supplemented and unsupplemented diet groups (Uauy et al. 

2001). Another study by Auestad et al did not report any differences in visual acuity or 

the Bayle) Scales of Infant Development test between dietary groups at 12 months of 

age. These conflicting results could be due to the dose of LCPUFA added to the formula. 

As mentioned earlier in this chapter, it has been observed that studies that utilized 

<0.20% DHA in the formula have tended to report no effect of DHA supplementation. 

This particular sttidy only used 0.20% DHA. and 0.12% DHA combined with 0.43% 
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ARA. finall) in one of the most recent studies, the researchers found that progress of 

ni) elination. mental and motor development and VEP levels were negatively affected by 

supplementation. 

The available evidence seems to suggest DHA and other LCPUFA play a vital 

role in weight gain in preterm and term infants, retinal development, visual acuity and 

stereoacuity, and in CNS and brain development. While information is continually being 

disco\ ered regarding the functions of LCPUFA in infants, most experts agree further 

research is warranted to obtain comprehensive and reliable conclusions. 

31 



CHAPTER IV 

DHA AND ARA SUPPLEMENTATION IN 

INFANT FORMULA 

()\ er the past few decades many experimental studies have been performed to 

determine effects of LCPUFA in breast milk and more recently in supplemented infant 

formulas. The results from these studies are often conflicting, and sometimes ambiguous. 

Some studies show several positive effect of LCPUFA on infant development and others 

show negative results. The following is a brief summary of a number of studies and 

results. 

Several investigations focusing on LCPUFA and preterm infants have attempted 

to measure infant sensory modalities. The majority of the studies have assessed visual 

acuity, retinal light sensitivity, and VEP acuity. In most studies benefits of LCPUFA on 

ERG results, in VEP acuity, and visual acuity using Teller cards were observed. One 

study detected benefits on VEP latency while a similar test did not. Numerous trials also 

used the Ba)'ley Scales of Infant Development to determine cognitive and central nervous 

system maturity. Overall, trials that added both omega-3 and omega-6 fatty acids in 

infant formulas reported no adverse effects on growth in preterm infants (Gibson. Chen. 

MaJcrides, 2001). 

Similar measurement methods were used to asses the effects of LCPUFA on fufl-

term infants. Almost every experiment performed used breast-fed infants as a reference 

group. Growth, VEP acuity, visual acuity, Bayley Scales, and others methods similar to 
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those used in studies of preterm infants were used to assess term infants (Gibson et al, 

2001). Relatively few negative findings related to growth were found in term infants. 

1 he \ ast majority of studies found no correlation between growth delay and LCPUFA 

supplementation. However, conflicting results were evident in other measurements of 

de\ elopment, including visual acuity assessed via Teller cards, and VEP acuity. Some 

studies have reported benefits in those areas, while others have failed to detect favorable 

results. In addition, some studies have presented data which indicates that LA/ALA 

ratios do not seem to have a clinical effect on growth of term or preterm infants (Gibson 

et al. 2001). Supplementation in infants has also been related to posifive outcomes in 

\ isual attention evaluations. 

A recent study of interest by Innis et al study examined the role of DHA and ARA 

in the growth of preterm infants. Infants were randomly selected to receive control 

formula, formula containing DHA only, formula containing DHA and ARA together, or 

breast milk. They hypothesized that there would be a decrease in infant growth with 

LCPUFA supplementation; however, they found no evidence of this. In fact they 

observed significantly faster weight gain in premature infants fed the DHA and ARA 

supplemented formula as compared to the control formula group. Further analysis 

revealed that weight, length, and weight-to-length rafio of the DHA + ARA formula fed 

infants were consistently higher up to 17 weeks of age than the control diet group. Visual 

acuity was not found to be significantly different among the various groups of premature 

infants. However, visual acuity levels of term breast-fed infants were higher than that of 

the preterm infants, regardless of the dietary treatment. The authors also noted an 



increase in RBC fatty acid le\els that was correlated with length of time of the DHA + 

AR.\ supplementation. The authors suggested that DHA and ARA should be added to 

infant formulas to help promote growth. In their conclusions, the authors stated "the 

absence t)f an) apparent negative effects of feeding tolerance or adverse events in infants 

led DHA and ARA from single-cell oils, combined with the apparent positive effect on 

earl) growth demonstrated b) us should encourage supplementation w ith DHA and ARA 

of formula-fed \er) low birth weight premature infants. . . " (Innis et al, 2002). 

In contrast, some studies ha\'e shown negative effects of LCPUFA on infant 

development. One study found that LCPUFA supplement fed preterm infants had lower 

peripheral nerve conduction compared to breast fed infants. A more w idely reported 

negatixe effect is the negative response to supplements lacking ARA (Gibson et al, 2001) 

In general for each positixe effect found, there usualh' ha\e been studies performed 

show ing the opposite result. This contradictory evidence may be due to different 

methods of assessment, different sources and dose of fattv' acids added to formulas, small 

sample numbers, or perhaps different demographics between the experimental groups. 

A stud\ h\ Fewtrell et al is one of the most recent studies that has demonstrated 

negative effects of fatty acid supplementation on preterm infants. Their experiment was 

designed to compare diet groups on a control formula w ith no added fatty acids, and a 

formula with added LCPUFA. Inifially. scores of 18 month old infants' on the Ba>le) 

Scales of Infant De\ elopment did not differ significanfly beUveen diet groups. Preterm 

infants who were fed LCPUFA supplemented formula also had lower discharge weights 

than those in the control group. Additional!). 9 month old (corrected age) infants fed 
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supplemented formula were lighter and shorter than the control infants. Then at 18 

months of age, LCPUFA supplemented infants showed a significant lower measurement 

from control fed infants in length, but not weight. Through the duration of this study, 

no difference in head circumferences was noted for the diet groups. Compared to a breast 

fed reference groups, there were no significant differences for either formula group in 

weight, length, or head circumference at 9 months of age (Fewtrell, Moriey, Abbott, 

Singhal, Isaacs, Stephenson, MacFadyen, Lucus, 2002). At 18 months breast fed infants 

were notably heavier and longer than supplemented and control formula groups, and 

scored significantly higher on Bayley and other similar tests (Fewtrell et al, 2002). In 

addition, one point noted in Fewtrell's study was that there were no significant 

differences in rates of illness or antibiotic usage for formula groups as compared to the 

breast fed group. This evidence might suggest that the addition of LCPUFA does not 

hinder immune function, however, there is no clear evidence showing it aids in immune 

function either. The authors proposed possible factors that led to their results, which 

conflicted with the majority of other studies. They felt that the precise nature, dosage and 

duration of LCPUFA supplementation might alter growth in infants as well as explain 

differences between studies. These researchers also noted that their data, which 

demonstrates unparallel cognitive scores between breastfed infants and supplemented 

formula fed infants, disproves the theory that LCPUFA in breast milk is responsible for 

increased cognitive development in breast milk fed infants. In conclusion, the authors 

found no significant beneficial outcomes of LCPUFA supplementafion in the first 18 

weeks of life. As the result of the relafively few negative results generated in the large 



number of studies that have been conducted, infant formula companies such as Meade 

Johnson and Ross Laboratories have chosen to add DHA and ARA to their infant 

formulas. The common attitude is that the known benefits of LCPUFA supplementation 

outweigh the small number of unfavorable results that have been reported. 

While conclusive evidence on the exact role of LCPUFA continues to elude 

scientists. a\ ailable research suggests that a critical period exists in infant development 

for LCPUFA supplementafion. Little is known about this critical period except that 

maturation of cortical function could be impacted negatively if deficiencies in LCPUFA 

are present (Birch et al, 2002). It has been speculated that LCPUFA supplies are most 

critical during the first few months after birth; however, very few randomized trials have 

attempted to evaluate this hypothesis (Birch et al, 2002). Therefore, Birch et al elected to 

perform a randomized trial to evaluate the fime frame of this critical period. The infants 

in this study were breastfed for 6 weeks and then randomly assigned to receive 

supplemented or control formulas. Upon completion of this experiment, it was 

established that the crifical period in which dietary supplies of LCPUFA may be needed 

for optimal development extends past 6 weeks of age. The results showed that infants 

who were randomly assigned to the control formula after the inifial 6 weeks on breast 

milk scored lower on visual functioning than those assigned to supplemented formula 

(Birch et al, 2002). This difference in VEP acuity is equivalent to one line on an eye 

chart (Birch et al, 2002). hi addition, at 17 weeks of age, infants who were fed 

supplemented formulas scored better on random dot stereoacuity. 
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Further research is needed to determine the approximate critical period that seems 

to exists after 6 weeks of age. Finally, in the study by Birch et al it was noted that due to 

increased knowledge of risk factors present in breast feeding, i.e. HFV infected mothers 

w ho risk transmission through breastfeeding there is a "clear need for safe and effective 

alternatives to breast-feeding after weaning to infant formula" (Birch et al, 2002). 

.Accordingl)', researchers will continue to seek out functions of LCPUFA in infant 

de\ elopment as well as determine the time frame of this unspecified crifical period. 

Data from the numerous studies cited throughout this discussion has given clarity 

to the theories regarding the benefits of essential fatty acids. LCPUFA appear to be 

important in many biological functions in adults and infants. Over the past few decades, 

grow ing interest in these essential fatty acids has motivated researchers worldwide to 

search for the integral role that EFA play in proper body maintenance and development. 

As mentioned in previous chapters, LCPUFA have been shown to benefit pregnant 

mothers by helping to moderate blood pressure and to maintain a healthy cardiovascular 

system. These advantageous effects can help prevent preterm labor and ultimately fetal 

distress. An increase in LCPUFA intake by women during pregnancy also aids is proper 

fetal development. In addition, it has been suggested that LCPUFA aid in preventing 

postpartum depression after delivery. Furthermore adequate consumpfion of fatty acids 

b>' the mother while breastfeeding contributes to infant health by promoting innate 

immunity functions as well as promoting improved sleep-wake patterns. While 

irrefutable evidence has not been established, the majority of information available 

indicates possible benefits of LCPUFA on weight gain in term and preterm infants. 
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Additionalh there is a\ ailable data supporting the hypotheses that LCPUFA aid in neural 

and retinal maturation serving as components of phospholipid membranes, ft is also 

thought these fatty acids effect cells by expressing anti-apoptotic effects, and influencing 

cellular mitochondrial maintenance. There are many published studies that propose 

LCPUFA. whether supplied through breast milk or supplemented infant formulas, 

increases visual acuity and stereoacuity. Finally there is significant amount of data 

supporting possible ftmctions of LCPUFA in central nervous system and brain 

development. The data suggests that an increase in cognitive levels and psychomotor 

maturation results from the LCPUFA consumed by breastfed and LCPUFA supplemented 

formula fed infants. Examination of current studies which evaluate the effects of 

LCPUFA on infant development reveals that most show either a positive effect or no 

effect, while very few studies show a true negative or adverse effect. One such study is 

that of Fewtrell et al, which reported that weight and length were lower in the LCPUFA 

supplemented group compared to the control group. Based on the available data, it can 

be assumed that LCPUFA have beneficial roles in biological processes in pregnant 

women and infants. There seems to be a greater positive effect on preterm infants 

compared to any of the other subject groups. The current available information would 

suggest that there is sufficient data demonstratmg a positive correlation between infant 

development and LCPUFA levels in the diet to recommend DHA and ARA 

supplementation of infant formulas. 
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